Abstract: It is a known fact that there is a relationship between magnitude of bonded area and laboratory tensile test results. This relationship has been described for a range of areas between 1 and 10 mm 2 , in extracted, nonperfused teeth. The aim of this study is to test this relationship in perfused teeth, with bonded areas ranging from 0.7 to 110.9 mm 2 . Dentin of 92 sound third human molars was exposed and perfused, and three groups of bonded areas ( 
INTRODUCTION
A durable bond between the restorative material and tooth structure is of paramount importance for the success of dental restorations. To find the potential of a dentin bonding system, its mechanical resistance is usually measured determining the shear and/or the tensile bond strength. Nevertheless, this evaluation of dental adhesives is controversial, with little or none agreement in bond-strength data among different authors, due to the variations in the techniques employed and to the different conditions under which the tooth substrates are kept and used. Most methods tend to be very empirical, and they are not well developed to validate theoretical analysis and structure-property relationships.
1,2 As a result, dentin bond-strength data suffer from considerable scatter, when results from distinct authors are compared. 3 Results of both types of mechanical tests, shear and tensile, depend greatly on surface area, 4 among other factors. In these tests, adhesive strength is determined by dividing the failure load by the cross-sectional area of the bonded surface. According to Griffith's theory, 5 it is more probable to find a defect that initiates the fracture in a larger area than in a smaller one, so the apparent tensile strength of a material decreases when the size of the tested area increases. It has been shown 12 that any existing defect in the interface can propagate. In order to solve these stress propagation problems, mainly associated with large areas, Sano et al. 6 developed a miniature tensile testing method, the so-called microtensile bond test. The aim of this test was to avoid the scatter in results, and to eliminate the nonuniform stress distribution.
Finite-element analysis (FEA) helps to explain why the small bonding areas tend to fail at higher stresses compared with traditional large surface area tests: 7, 8 The maximum stress that occurred in smaller specimens was lower than the maximum one of the bigger specimens. The specimens with lower maximum stress have a greater chance to survive longer. 8 The aim of this study is to provide a perspective for data obtained from tensile bond strength tests with the use of different area ranges in perfused teeth. This experimental approach seeks to find a relationship between the tested area size and the tensile bond strength, and to assess that an increase in size always corresponds with a decrease in tensile strength in a wide area ranges.
MATERIALS AND METHODS
Extracted human third molars (n ϭ 92), free of caries and restorations, were preserved in a 70% ethanol solution within a month after extraction. Roots and occlusal enamel were removed with a diamond bur under abundant water refrigeration. The pulpal chamber was exposed at the furca level, and its contents were carefully removed with cotton pliers. The exposed occlusal dentin and the cut cervical area were lightly polished with 1200-grit sandpaper (SiC paper, Struers A/S, Copenhagen, Denmark) in a water-cooled polishing machine (Struers Dap-7, Struers, Copenhagen, Denmark). This crown segment was glued to a 1 ϫ 1-cm methacrylate base with a cyanoacrylate general-purpose adhesive (Super Glue 3, Loctite, Madrid, Spain). This base had two holes where two metal tubes were introduced entering the pulpal chamber, and the passage was sealed (Duralay, Reliance, Dental Mfg. Co., Worth, IL). Lateral areas of the specimen were covered with a nail-polish layer (Revlon, Barcelona, Spain) to reduce leakage.
Specimens were divided in three groups, depending on the size of the area to be tested. In the first group, the entire area of exposed dentin was tested [ Figure 1(a) ]. These specimens were included in a resin matrix (Cronolita 11700/3115, Plastiform, Madrid, Spain), contained in a steel holder [SH in Figure 1(a) ]. Once the embedding resin was cured, dentin and resin surfaces were polished, and a liquid separator (Vaseline) was applied.
Over the entire occlusal cut surface a troncoconical column was made of Plasticine, the upper steel holder was assembled, and a counterpart of same resin was poured in it surrounding the plasticine column. When resin had set, this plasticine was removed, and confronted surfaces of both parts were polished to remove Plasticine and Vaseline residuals. The upper counterpart was intended to act as a matrix for restoration via its central conical perforation, previously containing the Plasticine column.
In the specimens of second and third groups [ Figure 1 (b)], the occlusal exposed dentin was etched with 37% ortophosphoric acid (Total Etch, batch B28357, Ivoclar/Vivadent, Schaan Liechtenstein) for 15 s and washed thoroughly. Excess water was removed with laboratory absorbent paper. The Scotchbond Multipurpose System (batch 70-2010-1232-8, 3M Dental Products Division, St. Paul, MN) was applied on the dentin surface, to seal it with bonded amalgam (Amalcap Plus Nongamma 2, batch 532288 NN, Vivadent, Liechtenstein), forming a layer of approximately 1 mm thick. After 24 h, the amalgam surface was polished under water refrigeration. Then, specimens were also included in the lower steel holder with a resin, like specimens in the first group.
The upper steel holder was filled with resin. When this resin had set, it was perforated until the amalgam layer was reached. Then, round expulsive cavities were drilled through amalgam until they reached dentin. In the second group the cavities were drilled with a doughnut bur (diameter 4 mm), and in the third group with a round bur (diameter 1 mm). The cavities were conditioned (Total Etch, 15 s) to remove the smear layer produced by the bur.
The exposed dentin areas (BA, in mm 2 ) of all groups were measured with a stereoscopic microscope and an image analyzer (Leica Qwin Q500 IW, Leica Imaging Systems Ltd., Cambridge, UK).
The perfusion system was a column of 30 cm of distilled water, connected with a tube to the pulpal chamber through one of the metal catheters. Via the other metal tube, air was extracted from the pulpal chamber until the chamber was filled with distilled water. After that, the tube was sealed. The specimens were perfused 24 h prior to restoration, to assure the entire rehydration of dentinal tissue. Then, selected dentin areas were restored with the materials tested through the counterpart adjusted to the periphery of the area. Three adhesive restorative systems were tested in this study (Table I) . As per manufacturer's instructions, dentin areas were conditioned before restoration with 37% ortophosphoric acid (Total Etch, 15 s), except in the specimens selected for F2000 adhesive, which has a self-etching primer containing 10% maleic acid.
Once the specimen were restored, the assembly formed by the restored test specimen and the counterpart was removed from the perfusion system, bolts were coupled to lids of the metal holders to allow traction, and the assembly was taken to a universal mechanical testing machine (Hounsfield HTI, Croydon, UK) and submitted to a traction test at a cross-head speed of 1 mm/min. Tensile bond strength (TBS) values were obtained (MPa) for each specimen. The bonded area (BA) was inspected under stereoscopic microscope to determine the type of fracture (adhesive, cohesive).
STATISTICAL ANALYSIS
To test the relationship between TBS and BA, first the best nonlinear curve estimation was determined (SPSS 9.0, SPSS Inc., Chicago, IL), trying linear, logarithmic, inverse, quadratic, cubic, compound, power, S Growth, exponential and logistic fittings for each material and for all three materials grouped. Table II shows the area data measured in the three groups: small, medium, and large dentin areas. The resultant TBS values are shown in Table III , per area groups and per materials. In order to choose the best descriptive model, all the resultant models were inspected in each material. Attending to their adjusted r coefficient, the best for Scotchbond 1 and for Optibond Solo was the inverse model. The best for F2000 was the power descriptive model, but the inverse model also had a very good fit in this case, so it is considered a good model for all materials. With all materials together the inverse model was also chosen. With the use of this model, the resulting formulas describe the relationship between BA and TBS per materials and also with all materials together, as can be seen in Table IV . Figure 2 shows the fitting curve and its 95% confidence intervals of the relationship between TBS and BA, when all materials are pooled together. The three different area groups can be seen clearly in this graph, which describes the increase in TBS when BA decreases, following an inverse relationship.
RESULTS

DISCUSSION
Regardless of the material tested, the results show that bond strength tends to increase as the bonding area decreases, a well-known fact. 8 -9 The resin-dentin interface is a source of inherent defects that can propagate and act as stress raisers promoting interfacial failures, 10 and the larger the bonded area of specimen, the greater the probability of that area to contain one or more defects. 10 This may be the explanation for failures of larger specimens submitted to traction tests at apparent low tensile bond strength.
In order to improve the stress distribution, in all specimens, except in the first group, a round cross-sectional shape at the adhesive interface was chosen. In the specimens of the first group, the entire exposed surface area was considered the testing area, both dentin and the surrounding enamel. Shapes of these areas were irregular, not perfectly round. In a previous study, 8 cylindrical and rectangular cross-sectional specimens for microtensile tests were compared. The cylindrical shape distributed stresses along the interface better than the rectangular one did. The latter concentrated stresses at the corners and central area of the lateral aspects, instead of around the periphery of the bond surface.
Although the same cross-sectional shape and similar area sizes (in the two smaller area size groups tested) as those used by other authors 8, 10 were used, the tensile bond strength results were comparatively lower. It is assumed that heterogeneity of dentin produces a significant effect on the bond strength, but this fact is not enough to explain the differences found between results in the present study and the ones obtained in previous works. So, it is necessary to analyze the reasons for these results.
First of all, the storage-media (70% ethanol solution) effect on bond strength is important. According to Goodis, Marshall, and White, 11 the 70% ethanol solution resulted in the lowest fluctuations in permeability during their study, suggesting that the effect of time storage may stabilize the initial permeability changes, which after some point may no longer occur. But ethanol is a fixative agent for the protein component of dentine, causing tissue shrinkage and having a coagulant effect on proteins by displacing water, resulting in broken hydrogen bonds and collagen perturbation. 12 This storage media could explain the degradation phenomena on dentine surfaces. Ethanol's effect on dentine substrates 13 may then have an effect on results of etching pretreatment and/or priming, and a reduction in bonding strength may occur, due to a weak interface between the altered dentine substrates and the applied adhesive system.
All the specimens of the present study were submitted to perfusion (30 cm H 2 O pressure), with distilled water used as perfusion fluid. Many authors have stated that bond strength of dentin adhesives is affected when dentin is maintained at physiological conditions, 14 -15 in most of the cases due to the wetness and to the type of fluid used. Level of pulpal pressure does not appear to have influence in dentin bond strengths. 16, 17 The presence of moist dentin seems to be a more important factor in adhesion because, according to Tao and Pashley, 17 high bond strengths were produced on dentin that has low permeability, and low bond strengths were obtained on dentin that was highly permeable. Although new dentinal adhesives have been designed to perform properly on moist substrates, it is possible that excess water could interfere with the polymerization or the hybridized processes, thus affecting the final mechanical properties of interface. 18, 19 If the inverse relationship between dentin permeability and dentin bond strength is real, this fact could explain the low tensile bond strength values obtained here.
Composition of the perfusion fluid also plays an important role in dentin adhesion. A wide range of perfusing solutions, such as sterile phosphate-buffered saline, 16 physiologic saline, 20, 21 horse serum, 23 bovine serum, 24 and protein solutions, 22 have been tested in different studies in attempts to reproduce the dentinal fluid in vitro. But little is known about the exact composition of this dentinal fluid, although seems to be that albumin and globulins are the main components. 23 The presence of proteins in the perfusing solution may cause a precipitation within the tubules, blocking them and reducing the dentin permeability. 23 -25 This coagulation effect is not likely to occur when distilled water is used, as in this study.
Despite these differences, the present results indicate that the size of the adhesive area highly influences the mechanical resistance of the interface between adhesive and dentin substrate, with an inverse relationship between both parameters. The fitting curve obtained from the tensile bond strength data shows it clearly. Larger areas are correlated with lower resistance values, as predicted in Griffith's theory, 5 a fact that was mentioned above. So, this is an expected relationship, and is in agreement with the findings of Sano et al. 6 and Phrukkanon, Burrow, and Tyas, 8 who in their previous works established the importance of the area size related to the tensile tests. The first used areas ranging from 0.25 to 11.65 mm 2 and other methodology and the second from 1.1 to 3.1 mm 2 . The present study employs areas ranging from 0.69 to 110.86 mm 2 , a range much wider than these works. Furthermore, the equations of the regression lines relating tensile bond strength to the bonded surface area obtained are different from those obtained here. In none of these works were perfused specimens used, which can help to explain the differences in magnitude of TBS.
As can be seen in Figure 3 , both predictions fit with the present data. However, both of them predict negative TBS for larger areas (circa 100 mm 2 ). The present formula has, then, the advantage of considering larger bonded areas as would appear, for example, in bonded laminate veneers, while fitting also to smaller ones, as in laboratory testing.
Certainly, there are two cases where, despite the smallest BA being used, TBS was very low. These two cases (one SB1 and one OPTS) were included in calculations because their TBS result was greater than zero, although there is a reasonable option to exclude both cases. If they were excluded from the series, the new formulation of the model would be TBS ϭ 4.10 ϩ 11.77/BA with an adjusted r 2 ϭ 0.36. Its representation does not differ much from the previous one.
Due to the design of the cavities used in the second and third group, there is another factor to be analyzed. Although the cavities through the amalgam layer were designed as nonretentive, the presence of walls could cause some friction when the restorative material was submitted to traction test. Therefore, the tensile bond strength results could be lower than the obtained ones if the bonded area used is a completely flat surface instead of a cavity. Another factor related to cavity's design is the presence of the bonded amalgam layer, which was placed to frame a concrete study area. Based in the reports of Prati et al., 24 Scotchbond Multipurpose Plus (with prime and adhesive being the same as that in Scotchbond Multipurpose System) creates a hybrid layer between 2 and 7 m. Although cavities reached a mean depth of 250 m, enough to remove the hybrid layer created between dentin and amalgam, some resin tags could remain within the tubules, preventing complete resin infiltration, and hence weakening the bond. Moreover, in both medium and small groups the area used to calculate TBS is the projection of the real area where the materials were tested. This will probably result in a negligible difference.
The conclusion of this study, despite the technique problems, is that it confirmed that there is a constant and inverse relationship between tested area size and tensile bond strength.
